Abstract: Recognizing the value of open-source research databases in advancing the art and science of HVAC, in 2014 the ASHRAE Global Thermal Comfort Database II project was launched under the leadership of University of California at Berkeley's Center for the Built Environment and The University of Sydney's Indoor Environmental Quality (IEQ) Laboratory. The exercise began with a systematic collection and harmonization of raw data from the last two decades of thermal comfort field studies around the world. The ASHRAE Global Thermal Comfort Database II (Comfort Database), now an online, open-source database, includes approximately 81,846 complete sets of objective indoor climatic observations with accompanying "right-here-right-now" subjective evaluations by the building occupants who were exposed to them. The database is intended to support diverse inquiries about thermal comfort in field settings. A simple web-based interface to the database enables filtering on multiple criteria, including building typology, occupancy type, subjects' demographic variables, subjective thermal comfort states, indoor thermal environmental criteria, calculated comfort indices, environmental control criteria and outdoor meteorological information. Furthermore, a web-based interactive thermal comfort visualization tool has been developed that allows end-users to quickly and interactively explore the data.
Dear Editor and Reviewers,
We would like to thank you for careful and thorough reading of this manuscript and for the thoughtful comments and constructive suggestions, which help to improve the quality of this manuscript. Our response follows (our answers are written by bold letters).
In addition to our response, we would like to note, when we were submitting the original version to the journal's manuscript management software it would only accept the first eleven authors' details. However, our full list of authors appears in the actual manuscript part of the machine-generated PDF file, so we kindly request the Editor to use this full list in the final publication. The full list of co-authors is presented below the response section.
Reviewer #1:
-This is a very well written paper that introduces a database with a very high potential impact on several scientific fields. Thank you. -When reading through the paper and looking at the selected calculated indices, the position on the application of adaptive comfort analysis does not become clear. It is later presented in section 3.2.2. A short justification of the reason for the selected comfort indices that were included in the database could be helpful.
If understood your question correctly, you are concerned about thermal comfort indices.
We have introduced the PMV and PPD indices in the Methods section. Standard thermal comfort surveys, as also used in the projects collected from the data contributors for the ASHRAE Global Thermal Comfort Database II, ask subjects about their thermal sensation on a seven-point scale from cold (-3) to hot (+3). Based on the subjects' thermal sensation feedback, we calculated the Predicted Mean Vote (PMV) and the Predicted Percentage of Dissatisfied (PPD) based on a large group of subjects for a particular combination of air temperature, mean radiant temperature, relative humidity, air speed, metabolic rate, and clothing insulation. The adaptive comfort analysis is one of the possible features of the interactive thermal comfort data visualization. Therefore, we confidently introduced this application in section 3.3, where we present the detailed description of the visualization tool. The feature of the adaptive comfort analysis is a graphic output used for comparing the measured percentage satisfied (using acceptability, comfort, or sensation votes) with predicted ranges of comfortable indoor temperatures based on adaptive comfort standards in ASHRAE Standard 55 (ASHRAE, 2017) and EN 15251 (Standard EN 15251, 2007). These adaptive models establish a range of comfortable indoor temperatures based on prevailing outdoor temperatures. The "Adaptive model" page analyses the database within the adaptive framework by binning thermal comfort votes according to the prevailing outdoor temperature and the indoor temperature the subjects were experiencing at the time. -The comfort studies often find a mismatch between calculated comfort indices and the subjective thermal comfort assessment provided by the responses of the users, especially when less common building typologies are analyzed. Was there a prior analysis of the data sets concerning this subject? What level of diversity can be found on the database regarding this topic? -This is good question, and exactly the type of testing that this database could support, but the task was to develop the database, not analyse it.
Reviewer #2: The paper presents the establishment of the open-source Thermal Comfort data based on ASHRAE Global Thermal Comfort Database II project, which is definitely a contribution to the art and science of
*Detailed Response to Reviewers
HVAC. The overall presentation of the paper is good, and the methodology is essentially well explained, although some points need to be clarified. I would recommend publication of this work if the authors could address the following issues in the revised manuscript.
-In the Method section, it seems that no specific methods were introduced, what has been provided is just a route of the establishment of the database. Since it is a research article, rather than a scientific report, some critical methodologies are expected to be provided. Please note that this research paper presents the development of a global thermal comfort database, which was constructed from already existing thermal comfort studies published by authors from all around the world. The purpose of this work was to create a database. Creating a database requires different kind of procedure and methodology compared to when conducting physical experiments. Therefore, we confidently present the exact step by step data collection methodology and quality assurance process in the method section. Table 1 , Line 33, the description of thermal preference seems to be wrong. It should be Coldwant warmer, Hot-want cooler. The information in the line 33 were presented p correctly. However, to avoid any misunderstanding we changed the coding in our system, which has been also reflected in Table 1 . Now we present the possible answers as COOLER, NO CHANGE and WARMER. -In the Authors section, the Countries should be uniformed, such as USA and United States.
Thank you. We made the changes accordingly to your request. -Highly request the authors to check the references to meet the standard of the Journal. Most of the references provided in this version of manuscript need a revision. For example, you can find deDear, R., de-Dear Richard or even de-Dear R.J, they should be uniformed according to the Journal's standard. In addition, some commas are missing between two authors, e.g. "Brager, G. S. Paliaga, G. de Dear, R. J. Operable". Thank you. We made the changes accordingly to your request.
Highlights:
- implemented in the current ASHRAE Standard 55 to estimate indoor clothing insulation levels 27 from 6:00 am outdoor meteorological observations (Schiavon and Lee, 2013) . Given the strong 28 connections of thermal comfort with the issues of energy consumption in the built environment 29 (e.g. Nazaroff, 2008) , along with building occupant wellbeing and productivity, it is 30 understandable that there has been a resurgence of research activity in the topic over the last two 31 decades (de Dear et al., 2013). New thermal comfort research containing original field data has 32 grown dramatically since the Database I was launched twenty years ago, and so it seems timely 33 that we consolidate those new data into an even larger repository. With a larger body of data to 34 work on, comfort researchers will be able to drill down even deeper while still retaining enough 35 power to deliver statistically significant findings. It should be possible to identify trends of 36 thermal comfort preference over longer time periods as air-conditioning becomes the pervasive 37 building control strategy. The aim of this paper is to document the origins, scope, development, 38 contents, and accessibility of ASHRAE Global Thermal Comfort Database II (short name: 39 Comfort Database). 40 41 6 2. Methods
1
In order to ensure that the quality of the database would permit end-users to conduct robust 2 hypothesis testing, the team built the data collection methodology on specific requirements, as 3 follows: 4
• Data needed to come from field experiments rather than climate chamber research, so that 5 it represented research conducted in "real" buildings occupied by "real" people doing 6 their normal day-to-day activities, rather than paid college students sitting in a controlled 7 indoor environment of a climate chamber. 8
• Both instrumental (indoor climatic) and subjective (questionnaire) data were required, 9 such that they were recorded in the same space at the same time.
10
• The database needed to be built up from the raw data files generated by the original 11 researchers, instead of their processed or published findings. 12
• The raw data needed to come with a supporting codebook explaining the coding 13 conventions used by the data contributor, to allow harmonization with the standardized 14 data formatting within the database. 15
• Data must have been published either in a peer-reviewed journal or conference paper. 16
All data submissions were subjected to a rigorous quality assurance process. Field data were 17 organised into separate folders according to their origins, including contributor's name, country, 18 and sample size. A detailed list of contributors and the sample size of each submission are 19 summarized in section 3. Each folder contained the raw data files, supplementary codebook, and 20 publication(s) providing details about the field study such as geographic location, building type, 21 cooling strategy, season and climate information. These references are listed in the Comfort 22
Database online Query Builder interface and the visualization online tool (more details below).
23
The research team built a meta-file which allowed easy filtering, such as describing the origin 24 and characteristics of the data, and included the following information: 25
• Name of contributor. 26
• Publications (Authors, Title, Journal/Conference information). 27
• Year of the measurement. 28
• Country. 29
• City. 30
• Season when the measurement was conducted. 31
• Climate zone: data were classified into various climate zones using the Köppen climate 32 classification. A detailed description of the sample sizes grouped in various climate 33 categories is presented in the Results section. 34
• Building type: data were classified into five categories, as follows: Multifamily housing, 35
Office, Classroom, Senior Center and others. 36
• Cooling strategy: data were assigned characteristics of the building's cooling strategy, 37 describing what system type was used while the study was conducted, using the 38 following categories: air-conditioning, natural ventilation, mechanically controlled 39 ventilation, and mixed-mode system (i.e., a combination of natural ventilation and 40 mechanical cooling).
41
• Sample size of each contribution. 42
• Directory: The file path where the raw data, codebook, and publication(s) were saved. 43
• List of objective and subjective thermal comfort variables that each field study 1 investigated. 2
The research team created the database file itself using a standardized spreadsheet format. The 3 main header contained the unique identifier for each column of data (i.e., variable names). The 4 information was categorized into the following groups: 5
• Basic identifiers, such as building code, geographical location, year of the measurements, 6
and heating/cooling strategy. 7
• Personal information about the subjects participating in the field studies, such as sex, 8 age, height, and weight. 9
• Subjective thermal comfort questionnaire, such as sensation, acceptability, and 10 preference, as well as self-assessed metabolic rate (met) and clothing intrinsic thermal 11 insulation level (clo). 12
• All datasets from individual studies were subject to a stringent quality assurance process ( Figure  28 1) before being assimilated into the database. The research team conducted a final validation by 29 first comparing each raw dataset with its related publication provided by the data contributor to 30 prevent transmission errors. Systematic quality control of each study was performed to ensure 31 that records within the database were reasonable. Firstly, distributions of each variable were 32 visualized to identify aberrant values. Then, cross-plots between two variables (e.g. thermal 33 sensation and thermal comfort) were used to check for incorrectly coded data. Finally, a few 34 rows from each study were randomly selected to verify consistency between the original dataset 35 and the standardized database. Since the data came from multiple independent studies, every 36 record did not necessarily include all of the thermal comfort variables. Where data were missing, 37 that particular range of cells was filled with a null value. The thermal comfort visualization tool 38 (described later) was used to help remove anomalies in the data. The detailed list of project 39 identifiers and thermal comfort variables is presented in the Results section.
The database is structured so that rows (i.e., "records") represent an individual's questionnaire 42 responses, and the columns include the associated instrumental measurements, thermal index 43 values, and outdoor meteorological observations. Metabolic activity in the last 10 minutes (Met) activity_20
Metabolic activity between 20 and 10 minutes ago (Met) activity_30
Metabolic activity between 30 and 20 minutes ago (Met) activity_60
Metabolic activity between 60 and 30 minutes ago from around the world, with contributors releasing their raw data to the project for wider 7 dissemination to the thermal comfort research community. After the quality-assurance process, 8
there was a total of 81,846 rows of raw data of paired subjective comfort votes and objective 9 instrumental measurements of thermal environmental parameters 2 .Standardized data files from 10 the ASHRAE RP-884 Adaptive model project (de Dear, 1998) were transformed and assimilated 11 into the new database structure with appropriate coding conventions. Thermal comfort indices 12
were recalculated using the same validated code used throughout this project to ensure 13 2 this paper is based on data contributions received by February 2018. Researchers can contribute new data to the ASHRAE Global Thermal Comfort Database II by contacting the corresponding author.
consistency. A total of 25,617 records from the RP-884 database were added to Database II, 1 bringing the total to 107,463. The following sections will describe the new datasets only; more 2 information on the field studies from the RP-884 database can be found in the final report (de 3 Dear et al, 1997). 4 5
Data distribution by geographical location 6
The field studies from which this database draws were conducted in five continents, with a broad 7 spectrum of geographical locations (countries) represented. Figure 2 shows the distribution of 8 records within the database by continent. The largest portion is from European (n = 31,392) and 9
Asian field studies (n = 29,064). South America (n = 7,390) and North America (n = 9,969) have 10 a similar number of records. Africa is represented by 2,163 rows of data, and Australian studies 11 accounted for 1,868 rows. Overall, the Comfort Database includes field study data from 23 12 countries, including Australia, Belgium, Brazil, China, Denmark, France, Germany, Greece, (Figure 2 ). Climate zones with the highest numbers of thermal comfort data 8 include hot-summer Mediterranean (n = 23,192), humid subtropical (n = 15,536), hot semi-arid 9
14
(n = 8,471), and tropical wet savanna (n = 6,633). Other samples were classified as warm-10 summer Mediterranean (n = 5,980), temperate oceanic (n = 4,968), Monsoon-influenced hot-11 summer humid continental (n = 3,809),warm-summer humid continental (n = 2,990), hot desert 12 (n = 2,084), tropical monsoon (n = 2,075), monsoon-influenced humid subtropical (n = 1,588) 13 and cool-summer Mediterranean (n = 1,408) regions. Relatively small volumes of data came 14 from the subtropical highland (n = 1,406), tropical rainforest (n = 963), cold semi-arid (n = 312), 15
and tropical dry savanna (n = 152) climate zones. Due to missing information, some samples (n 16 = 279) could not be classified into any climate group and were assigned a null value. 17 18 Figure 2 summarises the seasonal distribution of data points. The highest number of observations 19 were collected in summer (n = 30,545). There was a slightly lower sample size for winter (n = 20 30,440), and fair representation of the shoulder seasons of spring (n = 9,455) and autumn (n = 21 9,177). Some datasets did not contain the requisite information to classify season (n = 2,229), 22 and these entries were left undefined. 23 24
Data distribution by building type and cooling strategy 25
The research team classified the thermal comfort data into five main building categories, 26 including offices (n = 55,238), classrooms (n = 12,755), multifamily houses (n = 10,120), senior 27 centers (n = 312) and a building category defined by the contributor as "others" (any other 28 building type than the defined ones) (n = 3,421).
30
The team also collected information on cooling strategy used in each building, with the largest 31 proportion of measurements being from buildings using natural ventilation (n = 38,584), 32 followed by air-conditioned buildings (n = 28,544). A significant number of thermal comfort 33 data came from environments using mixed-mode cooling (n = 11,745), while a smaller sample 34 was collected from mechanically ventilated spaces (n = 1,804). As with other descriptors, data 35 that could not be confidently classified into any of the defined cooling strategies were grouped as 36 undefined (n = 1,169). 37 38 Table 3 shows the distribution of records by continent, building type, and cooling strategy. Most 39 of the field measurements from European studies were collected from offices (n = 26,929) that 40 were either naturally ventilated or air-conditioned. Similarly, most of the data sourced from 41
Asian countries were from office buildings (n = 14,839), with the majority using mixed mode 42 ventilation. Data from South America, however, are mostly measurements made in classrooms (n 43 = 4,366) that were naturally ventilated or with mixed-mode cooling. The residential context is 44 well-represented in the African dataset. Both the North American and Australian datasets were 1 wholly comprised of offices. 2 3 The aim of developing an interactive visualization tool (see Figure 4 ) was to provide a user-7 friendly interface for researchers and practitioners to explore and navigate their way around the 8 large volume of data in ASHRAE Global Thermal Comfort Database II. 4 The tool is built with R 9 version 3.2.3, using "ggplot2", "ordinal" and "shiny" packages for graphic visualization, 10 percentage of dissatisfied probit curve analysis and web-based interaction respectively. One key 11 feature of the visualization tool is the ability for users to customize their selected dataset over the 12 entire database for specific data comparisons. Some major filters are cooling strategy, building 13 type, meteorological context, indoor climatic physical parameter ranges, along with various 14 human factors. This tool was originally developed by Pigman (2014) , and modified by research 15 team members from the Center for the Built Environment (CBE) to reflect the newly updated 16 database. On top of the original features, the current version includes some new graphic types to 17 assist data visualization and analysis, including two boxplots and a bar chart for data statistics, a 18 scatter plot of raw data on the elevated air speed comfort zone in ASHRAE Standard 55 1 (ASHRAE, 2017), and two local relationship plots available for user-customized parameters in 2 the x and y axis. 
.1 Data filters 10
The graphic interface is divided into three pages to examine satisfaction scores, adaptive 11 comfort, and scatter plots of selected variables. Below the graphs are four categories, or tabs, to 12 filter the data and create different subsets: 13
(1) The "building" tab allows the selection of a satisfaction metric to use (acceptability or 14 comfort), conditioning type, and building type.
15
(2) The "geography" tab allows filtering of selected data by seasons, climate classifications, 16 countries, and cities. 17 (3) The "conditions" tab allows for the creation of a subset of data where bounded ranges of 18 selected physical parameters are specified, such as prevailing mean outdoor, indoor, 19 radiant and operative temperature, indoor relative humidity, and indoor air speed. 20 (4) The "human factors" tab allows filtering by characteristics of subjects, including sex, age, 21 clothing insulation and metabolic rate; or by the availability of indoor environmental 22 controls (if provided), such as operable windows, doors, thermostats, blinds, heaters, and 23 fans. 24
Graphic output 25
Above the graphs are three different pages for exploring the data and generating different types 26 of graphs: 27 28 "Satisfaction" page 29 ASHRAE Standard 55 defines thermal comfort as the "condition of mind that expresses 1 satisfaction with the thermal environment and is assessed by subjective evaluation" (ASHRAE, 2 2017). Since most field studies do not ask directly about satisfaction with the thermal 3 environment, researchers use questions about thermal sensation, acceptability and comfort to 4 infer occupant thermal satisfaction. The "Satisfaction" page explores the relationship between 5 thermal sensation and these other two metrics (thermal acceptability and thermal comfort) using 6 multinomial probits. The probit plot displays curves of percent dissatisfied (based on thermal 7 acceptability and comfort votes in field surveys) against either the subjects' thermal sensation 8 vote or PMV (i.e., similar to the PPD vs. PMV graph). Furthermore, the graphic output on this 9 page displays basic statistical distributions from the selected subsets of the filtered database. In 10 addition to the filters previously mentioned, one can choose from a variety of parameters to 11 summarize as counts in a bar chart (e.g., basic identifiers), or as boxplot distributions (e.g., 12
instrumental, or measured, parameters). "Scatter" page: 5
The three graphs on this page are used for evaluating a filtered subset of the database using 6 scatter plots. The first graph is specifically designed to display the air speed (y-axis) against 7 different types of temperature (x-axis) and compares that distribution with the elevated velocity 8 comfort zone in ASHRAE Standard 55 (ASHRAE, 2017). The elevated air speed comfort zone 9 in ASHRAE Standard 55 (ASHRAE, 2017) is adopted when the average air speed exceeds 10 0.2m/s, subject's metabolic rate is 1 to 2 met, and clothing insulation is between 0 and 1.5 clo. It 11 is permissible to determine the operative temperature range by linear interpolation between the 12 limits found in corresponding comfort zones. The first graph on this page considers the data in 13 this aspect and overlays onto the raw data scatter plot two comfort zones criteria (for clothing 14 insulation = 0.5 and 1 clo) at 1.1 met. One can also generate two additional scatter plots with 15 selectable x-axis and y-axis for a wide variety of variables, with an overlay identifying local 16 regressions. 17 18
ASHRAE Global Thermal Comfort Database II Query Builder

19
The ability to explore the Comfort Database using the interactive thermal comfort visualization 20 tool provides convenient access for many users. However, most end-users of these comfort 21 databases have proficiencies in common statistical software packages and very specific queries 22 in mind when they use such a data repository. It is therefore likely that they will prefer 23 performing analyses using their own suite of software. To accommodate such end-users, the 24 Query Builder tool is accompanied by a simple web-based Graphical User Interface (GUI). 5 This 25 tool allows users to filter the database according to a set of selection criteria, and then download 26 the results of that query in a generic comma-separated-values (.csv) file format for importing into 27 their software package of choice. In this way, the Comfort Database may be accessed by users 1 with differing analytical skills. 2 3
The Query Builder tool uses a combination of Javascript for the interface, and PHP and MySQL 4 for the backend. There are 49 parameters upon which the database can be filtered, with 5 descriptions of each parameter displayed in the sidebar (Figure 6 ). Less common parameters 6 (defined as those contained in less than 30% of all database records) are indicated by an asterisk 7 character to alert users that queries that include these may not return any meaningful results. 8
Parameters are organized into 7 groups for easier navigation (which are similar, but slightly 9 different than the groups defined in Table 1 for organizing the database): 10
• Study: the origins of the data (e.g., study, year). 11
• Climate: locational context (e.g., season, climate etc.).
12
• Building: building typology and use (e.g. building type, HVAC type etc.).
13
• Demographic: respondent anthropometrics (e.g., age, sex, height weight). 14 • Subjective: common survey measures (e.g., thermals sensation, thermal acceptability, 15 thermal preference).
16
• Comfort: indices relevant to thermal comfort (e.g., PMV/PPD, clothing, activity).
17
• Measurements: instrumental measurements of the thermal environment (e.g., air 18 temperature, globe temperature, relative humidity, air velocity). The purpose of this paper is to describe the methods behind the development of the ASHRAE 7
Global Thermal Comfort Database II ("Comfort Database") and its accompanying analysis tools, 8
to provide attribution to all of the contributors of the raw data, and to inspire researchers and 
